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1  I NTRODUCTI ON 

 

The NIOZ Ballast  Water Treatm ent  System  (BWTS)  test  facilit y is part  of the departm ent  of 

Biological Oceanography of the Royal Netherlands I nst itute for Sea Research (NI OZ) . NI OZ 

is an inst itute liaised to the Netherlands Organizat ion for Scient ific Research (NWO). The 

m ission of NIOZ is to gain and com m unicate scient ific knowledge on coastal seas and oceans 

for a bet ter understanding of the system and sustainabilit y of our planet , to m anage the 

nat ional facilit ies for sea research and to support  research and educat ion in the Netherlands 

and in Europe. 

 

NI OZ is an independent  academ ic research inst itute part icipat ing in numerous internat ional 

research projects in coastal seas and the oceans. I n addit ion, t im e series of physical, 

chemical and biological data from  the Wadden Sea area are m aintained in order to study 

long- term changes in the ecology of this UNESCO World heritage site. I n this context  the 

research on the efficacy of Ballast  Water Treatment  System s (BWTSs)  and related 

environmental quest ions fits within the NI OZ work field. NIOZ cont inues to build on its years 

of experience:  since 2007 NI OZ has tested nine BWTSs (Table 1) .  

 

Table 1. Ballast  Water Treatm ent  Systems tested at  NI OZ. 

Year Com pany System  

2007 Hamann SEDNA 

2008 EcoChlor EcoChlor 

2008 Hyde Marine Hyde Guardian 

2009 Mahle Ocean Protect ion System 

2009 Severn Trent  De Nora BalPure STDN 

2010 Aquaworx AquaTricom b 

2010 Erm a-First  ESK SA Erm aFirst  

2011 Ham worthy/ Wärtsilä Aquarius-EC 

2012 Ham worthy/ Wärtsilä Aquarius-UV 

 
 

NI OZ works constant ly on improving its m ethods and technologies for the accurate and 

precise enumerat ion of aquat ic organisms and the measurement  of their  vitalit y and 

viabilit y. These methods are com pared with other organisat ions and test  facilit ies in 

workshops and within the global network of BWTS test  sites GloBal TestNet , of which NIOZ 

is a m em ber. On a European level NI OZ is the lead beneficiary of the North Sea Ballast  

Water Opportunity project . I t  is policy of the inst itute to com m unicate scient ific results as 

m uch as possible through internat ional peer reviewed publicat ions.  

 

The NIOZ BWTS test  facilit y not  only perform s land-based G8 or G9 tests. I t  is also equipped 

for laboratory tests to invest igate the pr inciples and efficiency of new technologies as well as 

for bench-scale tests to exam ine prototypes and com ponents of BWTSs. I n addit ion, the test  

facilit y is able to analyse and evaluate sam ples from  other test  facilit ies, from  ship-board 

tests and other ballast  water related act ivit ies. This evaluat ion m ay range from  com pliance 

checking with I MO standards to advanced stat ist ical analyses. I n co-operat ion with I MARES 

(Den Helder, The Netherlands)  and Go-Consult  it  also offers a one-stop shop for com plete 

G8 or G9 type approval, including toxicity test ing, ship-board tests and dossier form at ion. I n 

all act ivit ies the NI OZ test  facilit y st r ives to achieve highly accurate and precise results. 

 

This Quality Management  Plan (QMP)  descr ibes the organisat ion of the NI OZ quality system. 

This consists of the quality system  m anagement  and organisat ion, the quality system  

com ponents, personnel qualificat ions and t raining, procurem ent  of items and act ivit ies, 

docum ents and records, com puter hardware and software, planning, im plementat ion of work 

processes, assessment  and response and, finally, quality im provement . 
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2  QUALI TY SYSTEM MANAGEMENT AND ORGANI SATI ON 

 

The quality system  of the NI OZ is devoted to the reliable test ing of BWT systems. This 

m eans that  accurate and precise measurem ents of the test  ballast  water and the t reated 

water, including the experim ental control water, need to be assured. Openness of 

experimental and measurement  protocols, quality control, data and data analysis should 

lead to a high fidelity in the conclusions reached during G8/ 9 tests of BWTS performance 

and other relevant  research act ivit ies. NIOZ is an IMO recognised test  inst itute and is 

cert ified by Lloyd’s Register. 

 

The project  leader of ballast  water research is dr. Louis Peperzak. He is responsible for the 

proper funct ioning of the test  facility and for carrying out  BWTS tests, laboratory analyses, 

product ion of Standard Operat ing Procedures (SOPs) , new methods in ballast  water research 

( t reatment , enumerat ion, vitality/ viabilit y m easurem ents, com pliance m onitor ing)  and the 

support  of all students that  are involved in this research. I n cooperat ion with m embers of 

the ballast  water team he analyses the BWTSs test  results and writes the G8/ G9 reports as 

first  author.  

 

Co-project  leader is dr. Jan Boon. He m anages the overall Ballast  Water Project  at  NI OZ, 

especially in relat ion to the North Sea Ballast  Water Opportunity (NSBWO) project  of the 

European Union of which the NIOZ is the lead beneficiary. He is also responsible for the 

external relat ions of the Ballast  Water project . Because of his experience in chemical quality 

assurance program s, Dr. Boon also acts as the quality m anager. He is responsible for the 

QMP and will evaluate all QA/ QC act ivit ies of BWTS tests. He is co-author of the G8/ G9 

reports. 

 

Both project  leaders are assisted by Mrs. Dörte Poszig M.Sc. (general m anagement ) , Mr. 

Marcel van der Linden ( financial m anagem ent )  and Mrs. Marieke Holthuizen-Vloem ans 

(external communicat ion) .  

 

Sam pling, sam ple analyses and first  data analyses are carr ied out  by Mrs. Josje Snoek, Mrs. 

Eveline Garr itsen, Mrs. Eva I mmler, Mr. Dennis Mosk and Mr. Alex Blin. Mrs. Eva Im m ler is 

responsible for the correct  operat ion of the first  NI OZ test  installat ion on the Pelagia quay 

and for correct  sam pling, sam ple handling and storage. Mr. Dennis Mosk is responsible for 

the correct  operat ion of the NI OZ test  installat ion on the Navicula quay and for correct  

sam pling, sam ple handling and storage. 

 

The operat ion and maintenance of both NI OZ test  installat ions is cont racted to Mr. A. Sm it  

of Sm it tech (Den Hoorn, The Netherlands)  and Mr. J. Wit te (Wit te Klusbedrij f, Den Burg, The 

Netherlands)  

 

The NIOZ ballast  water team advisory com m it tee consists of prof. Dr. Hein de Baar 

(chem ist ry) , Dr. J. van Bleij swijck (molecular biology) , Dr. Corina Brussaard (m icrobial 

ecology)  and Dr. Klaas Timm erm ans (head of the departm ent  of Biological Oceanography at  

NI OZ) . 

 

The Quality Managem ent  Plan (QMP)  and Quality Assurance Project  Plan (QAPP)  will be 

reviewed annually by an external independent  consultant . I n 2012 this was perform ed by dr. 

S. Kools of Grontm ij  (The Netherlands) . I n addit ion, by request  of the BSH a review on 

QA/ QC aspects was performed by dr. A. Cangelosi of GSI  (USA) . Com m ents of both part ies 

have been used in the present  project  plan that  includes both QMP and QAPP. 
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3  QUALI TY SYSTEM COMPONENTS 

 

The quality system  of the NI OZ BWTS test  facilit y contains several com ponents of which this 

QMP is the main document . The QMP is the joint  responsibilit y of both project  leaders of the 

NI OZ Ballast  Water Project . The QMP form s the basis of the project ’s quality assurance and 

quality cont rol (QA/ QC) . 

 

The Quality Assurance Project  Plan (QAPP)  is the project -specific technical document  

reflect ing the specifics of the NIOZ test  facilit y, the BWTS tested, and other condit ions 

affect ing the actual design and im plementat ion of the required experim ents. The QAPP 

consists of general inform at ion, specific informat ion of the test  facility and the BWTS tested, 

test  water quality, sam pling and sam ple stor ing, the measurement  of I MO-required variables 

and a general out line of the QA/ QC. Variable specific QA/ QC m easures are contained in each 

individual SOP, that  together form sect ion three of the QAPP. 

 

Notebooks are used to record data, observat ions and deviat ions from SOPs, that  are m ade 

during BWTS tests as well as dur ing laboratory analyses. All notebooks are stored in the 

NI OZ Ballast  Water archive. I n a num ber of cases, such as in m onitor ing NIOZ harbour test  

water tem perature and salinity, and in the in- line m easurem ent  of turbidity and salinity of 

test  water at  intake, data loggers are used to store inform at ion elect ronically. All digital 

inform at ion is stored on a dedicated server that  is accessible to Ballast  Water project  

personnel only. 

 

Specific forms are used to record data during specific rout ine m onitor ing act ivit ies. These 

act ivit ies include m onitor ing of m eteorological and environmental data and equipment  

funct ioning during BWTS tests, as well as the ident ificat ion and enumerat ion of > 50 µ 

organism s. All form s are stored on paper in the NIOZ Ballast  Water archive or in elect ronic 

form at  on the Ballast  Water project  server. 

 

Specific form s for sam ple custody are also used in case of the analyses of pathogenic 

bacter ia or specific chem ical ( toxicological)  analyses, which are carr ied out  in third part ies  

com m ercial laborator ies. 

 

Standard Operat ing Procedures or SOPs are available for each IMO variable that  the test  

facilit y is obliged to measure. For abiot ic variables the analysis methods stem from  decades 

of NI OZ experience as an oceanographic inst itute. New m ethods, in part icular those for 

biological variables, are or will be published in internat ional peer- reviewed scient ific journals.  

 

I n addit ion, SOPs are present  for specific act ions during the BWTS test ing such as for 

adjust ing the salinity of the test  water, flow cytometer data analysis or the cleaning of 

ballast  water tanks.  

SOPs are numbered by year and version. Paper copies are kept  in the NIOZ test  facilit y 

archive. Elect ronic copies are stored on a dedicated server that  is accessible to Ballast  Water 

project  personnel only. SOPs will be cr it ically reviewed during the operat ion of the test  

facilit y as well in general annual reviews by the quality m anager. SOPs relevant  to the QAPP 

can be found in sect ion 3 of this project  plan. 

 

The test  protocol (QAPP, QMP and SOPs) are submit ted before the start  of the BWTS tests to 

the class societ ies that  were designated by the nat ional authorit ies. These are the BSH 

(Bundesam t  fuer Seeschifffahrt  und Hydrographie or Federal Marit ime and Hydrographical 

Agency, Hamburg)  for Germany and Lloyds Register (London, Rot terdam)  for The 

Netherlands ( I nspect ie Leefom geving en Transport , I LT) , United Kingdom  (Marit ime and 

Coastguard Agency, MCA)  and Greece. The BSH and LR are not ified in advance of the BWTS 

test  dates including the days of intake and discharge, and are invited to witness all test  

related act ivit ies at  the NI OZ test  facility. I n 2012 addit ional oral presentat ions on BWTS 

test ing at  NIOZ were given to the Dutch IMO representat ive and I LT, the BSH and to Lloyds 

Register.  
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4  PERSONNEL QUALI FI CATI ONS AND TRAI NI NG 

 

All research personnel of the NIOZ test  facilit y are act ively involved in the developm ent  of 

SOPs and the QA/ QC measures within these SOPs. The quality m anager is responsible for 

the QA/ QC in each SOP and he checks the proper execut ion of QA/ QC during BWTS test ing 

and the analysis of samples and data. The quality m anager will report  the acquired QA/ QC 

inform at ion to the project  leader of ballast  water research who will,  if necessary, inst ruct  the 

personnel to adjust  QA/ QC m easures. The quality m anager will also use this inform at ion in 

his evaluat ion of the BWTS test  results. 

 

All research personnel of the NIOZ test  facilit y is t rained in such a way that  at  least  two staff 

m em bers are able to perform  a specific sam pling or analysis. This should prevent  personal 

bias in sam ple and data analysis. I n addit ion, this procedure ensures that  in case of 

unexpected absence sam pling or sam ple analysis can st ill be carr ied out  by t rained 

personnel. 

 

I n case of non-autom ated sam ple analysis, the m icroscopic ident ificat ion and enumerat ion of 

planktonic organism s the research personnel is t rained in groups of three. At  the beginning 

of each year NI OZ test  water is analysed by all three staff unt il the difference in individual 

plankton concentrat ions is < 10% . Furtherm ore, in the case of > 50 µm organisms, the 

correct  execut ion of sam ple and analysis procedures and ident ificat ion and enum erat ion of 

the organisms is audited by annually by an external independent  consultant . I n 2012 this 

was performed by Mr. F. Fuhr of KiTe Aquat ic Resources Consult ing (The Netherlands) . 

 

Addit ional t raining of staff m em bers takes place on- the- job during inter-com parison 

workshops of the ballast  water test  team  in cooperat ion with the planktonlab of the 

department  of biological oceanography of NI OZ. One such workshop was the com parison of 

flow cytometers held in January 2012. Furtherm ore, a stat ist ics course is planned for 

autumn-winter 2012. 

 

5  PROCUREMENT OF I TEMS AND ACTI VI TI ES 

 

The BWTS test  facilit y is part  of the NI OZ research inst itute and is required to use the NI OZ 

facilit ies for procuring item s and services that  include all sam pling and laboratory equipm ent  

and chem icals. The financial m anagement  assistant  to the test  facility ensures that  all 

procedures are as required by internal NIOZ rules and by Dutch law. Mater ial and equipment  

for the test  installat ions is procured by Mr. A. Sm it  of Sm it tech (Den Hoorn, The 

Netherlands) .  

 

I n all cases of procurement  the quality, costs and supplier reputat ion are evaluated by 

research staff or Mr. A. Sm it  in collaborat ion with the project  leader of Ballast  Water 

research or, in his absence, the quality manager.  

 

6  DOCUMENTS AND RECORDS 

 

Docum ents related to the NI OZ test  facility and BWTS test ing include:  legal and financial 

cont racts, BWTS-specific project  plans ( including QAPP, QMP, SOPs) , North Sea Ballast  

Water Opportunity (NSBWO) documents, notebooks, data and custody forms, student  

reports, internal reports on for instance inter-com parison workshops and scient ific 

publicat ions. 

 

Legal and financial cont racts are archived as required by NI OZ under the responsibility of 

the financial m anagement  assistant  and the overall project  m anager. North Sea Ballast  

Water Opportunity (NSBWO) documents are maintained by the general and financial 

m anagement  assistants or by the project  leaders. Notebooks, data and custody form s will be 

archived for at  least  five years by the project  leader of ballast  water research. BWTS-specific 
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project  plans ( including QAPP, QMP, SOPs) , student  reports, internal reports and scient ific 

publicat ions are also archived by the project  leader of ballast  water research. 

 

Reports on new technologies as well as for bench-scale tests to exam ine prototypes and 

com ponents of BWTSs are num bered sequent ially as “NIOZ Ballast  Water Report  yyyy-

1,2,..” .  

 

The generic BWTS-specific project  plan ( including QAPP, QMP, SOPs)  as well as the G8 and 

G9 reports will also be numbered sequent ially as NIOZ Ballast  Water Reports. These 

documents will be made publically available on the NIOZ web site.  

 

7  COMPUTER HARDW ARE AND SOFTW ARE 

 

The com puter hardware that  is used in the NIOZ test  facilit y consists of lap tops and 

personal computers that  use Windows™ based software. Both hard-  and software are 

m aintained by the NI OZ “ I nform at ion and Presentat ion Centre”  ( I PC) . I PC is also responsible 

for the security of data and other inform at ion, for instance by up- to-date virus protect ion 

and daily back-ups. The NI OZ network can only be accessed by authorised personnel and 

students.  

 

I n addit ion, all BWTS test  data  are stored on a dedicated network-share that  is accessible 

only to authorised ballast  water team m em bers. This authorisat ion needs to be granted by 

both I PC and one of the project  leaders of the ballast  water project . 

 

All software used by the NIOZ test  facility, including Microsoft  Office and dedicated software 

for data analysis, is legally obtained. 

 

8  PLANNI NG 

 

Manufacturers of BWTSs that  approach the NIOZ facilit y for test ing of their  equipm ent  

should be aware of several planning cr iter ia. 

 

First  of all,  because NI OZ uses natural test  water spring and sum mer are the only periods of 

the year in which proper test ing according to I MO regulat ions and NIOZ quality object ives 

can be perform ed. Second, as part  of a research inst itute it  is of interest  to the facilit y that  

the BWTS to be tested is of a different  design as previously tested BWTSs.  

 

The two project  leaders of the test  facility joint ly decide on the adm ission of a BWTS for 

land-based test ing. I n case of requests for com bined land-based and ship-board tests the 

adm ission will be discussed with the NI OZ partners I MARES and GoConsult .  Cont racts on 

behalf of the NI OZ will be signed by one of the NI OZ directors. 

 

The provisional project  plan and planning for test ing the BWTS is made by the project  leader 

of ballast  water research. Next , the provisional project  plan and planning is discussed in the 

ballast  water team  where all pract ical issues including those related to quality m anagem ent  

will be dealt  with. 

 

9  I MPLEMENTATI ON OF W ORK PROCESSES 

 

Quality m anagem ent  object ives as specified in this QMP and in the QAPP and SOPs will be 

im plemented in the work process. At  the lowest  level, individual mem bers of the facilit y ’s 

test  team  are responsible for carrying out  quality checks as detailed in SOPs on a daily basis. 

The quality manager is responsible for supervising QA/ QC act ivit ies during all test  and 

laboratory act ivit ies. The quality m anager will give his feedback during each team  m eet ing, 

that  is scheduled at  least  bi-weekly during BWTS tests. On advice of the quality manager, 

the project  leader of ballast  water research gives perm ission in cases that  quality docum ents 

need to be revised or new ones have to be m ade. 
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1 0  ASSESSMENT AND RESPONSE 

 

During BWTS tests inspect ions m ay be m ade by inspectors of Lloyds Register or the BSH 

depending on the nat ional authority that  will apply for type approval at  I MO.  

 

All ballast  water team  m embers are obliged to report  deviat ions from  quality standards or 

procedures to the quality manager. At  the end of each BWTS test  the quality m anager will 

report  on all deviat ions from the QAPP or from  QA/ QC measures in SOPs. The quality 

m anager also checks the BWTS test  data that  are compiled by the project  leader of ballast  

water research. The project  leader of ballast  water research will report  any deviat ions in 

harbour test  water monitor ing data and intake test  water data from the QAPP. 

 

1 1  QUALI TY I MPROVEMENT 

 

All team  members are m ot ivated to enhance specific QA/ QC m easures and methods. Regular 

feedback between team  mem bers and the quality m anager will enhance self- im provement . 

I n addit ion, the NIOZ quality object ives are subm it ted to independent  external review. 

 

NI OZ test  facilit y methods are com pared and discussed in NSBWO workshops with other test  

facilit ies and experts in the field of ballast  water research. Proficiency tests for the 

enumerat ion of aquat ic organism s will improve the quality of analyses and will enhance the 

com parison of results between test  facilit ies.  

 

The NIOZ test  facilit y invites com ments to im prove the quality of its test  and its test  data, 

for instance from  class societ ies and through its m em bership of Global Testnet . 
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